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NOTATION 


Ao  - 

At  - 
b 

Ec  - 

Ef  - 

Gc  - 
K 

Jt  - 
JU- 
X  2  ■ 

t 

NCr  " 
Fc  ' 

Fs  - 
I 

Gfw  “ 
W 

w&l  - 


Oo  - 


Amplitude  of  initial  waviness  contained  within  a 
critical  half-wave  length 

Amplitude  of  the  total  initial  waviness 

Thickness  of  core 

Young's  modulus  of  core  in  a  direction  perpendicular  to 
faces 

Young's  modulus  for  faces 

Shear  modulus  of  core 

Modulus  of  foundation 

Length  of  initial  waviness 

Critical  half-wave  length  of  wrinkling 

Length  of  changing  waviness 

Thickness  of  face 

Critical  load  per  inch 

Ultimate  tensile  or  compressive  strength  of 
core  or  bond 

Ultimate  shear  strength  of  core 

Moment  of  inertia 

Critical  face-wrinkling  stress 

Depth  of  effective  core  for  one  face 

Subscripts  Indicating  transverse  or  longitudinal 
direction  of  core 

Numerator  of  critical  wrinkling  equation 
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SUMMARY 


.'  An  attempt  was  made  to  establish  the  correlation  between 
surface  waviness  of  honeycomb  core  panels  and  the  face  wrinkling 
attendant  upon  the  panels  when  subjected  to  compressive  forces. 
Tests  were  conducted  with  honeycomb  sandwich  edgewise  compression 
specimens  with  controlled  initial  surface  waviness.  A  survey  of 
the  literature  disclosed  that  previous  investigations  furnished 
an  excellent  ba'se  for  advancing  the  state  of  the  art  of  this 
widely  used  form  of  construction.  Although  previous  researchers 
had  suggested  methods  of  predicting  the  effects  of  surface 
waviness  on  skin  wrinkling  when  considering  only  a  small  degree 
of  waviness,  the  current  testing  indicated  that  by  extrapolation 
these' predictions  could  be  applied  to  panels  having  a  large  degree 
of  waviness.  Further  investigation  must  be  conducted  to  obtain 
an  empirical  constant  that  will  eliminate  tke  problem  of  estimat¬ 
ing  or  measuring  the  initial  surface  waviness. 


1.  INTRODUCTION 


The  structural  concept  described  by  the  ttym  "sandwich"  has  been 
well  defined  analytically  (Ref.  1)  in  all  if  its  local  nodes  of 
failure  with  the  exception  of  the  term  "fees  wrinkling".  The 
currently  accepted  method  of  analysis  o!|#llned  by  Kuenel  (Ref  *  2) 
does  not  apply  throughout  the  range  of  pfgisnt-day  usage. 

"Feci  Wrinkling"  is  a  very  localized  ssihpllng  of  one  face  only. 
The  wrinkle  may  go  into  or  away  from  tg|reore,  depending  on  the 
strength  of  the  core  and  the  core-to*  bond. 

S.  Yuauff  (Ref.  3)  proposed  a  solution  |##ed  on  the  "bean  on  an 
elastic  foundation"  theory.  The  basis  Suckling  equation  is 
shown  by  Hetenyi  (Ref.  4)  to  be 


Ncr  -  2  'VKEI.  (1) 

Yuauff  relates  the  parameters  of  the  above  equation  in  terns  of 
the  sandwich  components  and  includes  the  effect  of  initial 
waviness  on  the  falling  stress. 

In  this  paper  we  will  discuss  the  solution  proposed  by  Yusuff  and 
present  the  results  of  a  recent  series  of  tests  designed  to 
explore  the  effect  of  surface  waviness. 


2 .  DISCUSSION 


The  results  of  Yusuff's  work  are  presented  here  for  discussion 
purposes . 
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The  critical  half-wave  length  of  wrinkling,  as  expressed  by 
Hetenyi,  Is: 


(6) 


In  order  to  apply  the  above  theory,  a  practical  definition  of 
waviness  must  be  established.  The  writer  has  found  that  two 
distinct  forms  of  surface  wavlness  predominate;  however,  many 
others  exist.  These  two  are  defined  as  follows: 
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Figure  1  WRINKLE  GEOMETRY  CASE  1 

by  Inspection 

A0  ■  At  -Zi_  .  (7) 


Figure  2  WRINKLE  GEOMETRY  CASE  2 
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Figure  3  A0  RELATIONSHIP  CASE  2 


Using  the  geometrical  relationships  shown  In  Figure  3,  the  following 
approximation  can  be  made. 


A0  1/2  AT 
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then 


A0 


*T  ii 

7rT 

A2 


(8) 


The  significant  point  brought  out  by  the  definition  of  A0  for  both 
Case  1  and  Case  2  is  that  the  critical  amplitude,  A0,  is  the 
amplitude  of  the  surface  waviness  contained  within  a  critical  half¬ 
wave  length.  This  point  is  one  of  the  basic  assumptions  in  Yusuff's 
derivation. 


2.1  Test  Specimens 

Considerable  experience  has  been  gained  in  testing  small  3-  by  4-inch 
edgewise  compression  specimens  of  sandwich  construction.  These 
specimens  have  proven  particularly  valuable  in  evaluating  the 
critical  face -wrinkling  stress  for  a  particular  type  of  sandwich. 

It  is  necessary  to  fill  the  loaded  edges  of  the  specimen  with  a 
suitable  filler  to  prevent  local  failure.  Hetenyl  shows  that  the 
critical  buckling  stress  for  a  semi -infinite  column  on  an  elastla 
foundation  is  half  that  of  an.  infinite  column  because  of  the  laolq 


of  face  moment  continuity.  This  relationship  is  applicable  to  the 
loaded  edge  of  a  sandwich  specimen  and  must  be  overcome  by  Increasing 
the  foundation  stiffness.  If  the  core  cell  size  is  relatively 
large,  the  sides  must  be  filled  also. 

Twelve -inch -square  sandwich  panels  were  fabricated  with  the  face 
material  and  core  shown  in  Figure  4  and  Table  1.  Metlbond  408  was 
selected  as  the  adhesive  because  of  its  excellent  strength  and 
wetting  properties.  This  adhesive  flows  to  the  cell  wall-face 
Juncture  to  form  a  strong  fillet  without  the  aid  of  a  glass  cloth 
carrier.  Consequently,  there  is  no  added  stiffness  in  the  faces 
because  of  the  adhesive.  Adhesives  with  a  glass  cloth  carrier 
appreciably  increase  the  apparent  stiffness  of  relatively  thin 
faces . 

In  an  effort  to  obtain  a  controlled  waviness,  two  wires  were 
placed  on  the  platen  side  of  each  panel  as  shown  in  Figure  4.  The 
wires  were  .003  inch  and  .005  inch  in  diameter. 
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.005  Wire 


COBB  PROPERTIES  (Ref.  5)  NOTES: 
TYPE  IA  5052  ALUMINUM 
Fsw  *  120  pal 

FsL  “  210  P®1 
Fc  -  270  psi 
Ec  -  130,000  psi 
G0*  -  21,500  psi 
0cl  "  31,500  psi 


1.  Numbers  in  (  )  are  specimen 
numbers 

2.  Beam  flex  test  specimens  are 
3-  by  8-  inches 

3.  Column  compression  test 
specimens  are  3-  by  4-  inches 

4.  Flatwise  coqpresslon  specimens 
are  3-  by  3-inches 


Figure  4  FACE-WRINKLING  PANELS  CUTTING  PLAN 
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Thin,  high-strength  faces  combined  with  minimum  stiffness  core  were 
selected  in  an  effort  to  obtain  wrinkling  failures  when  the  face 
stresses  were  still  in  the  elastic  range.  Core  thicknesses  were 
arbitrarily  set  to  evaluate  both  thick  and  thin  core  solutions. 

Up  to  this  point  in  the  program,  everything  proceeded  as  planned. 
Because  of  the  nature  of  the  problem,  an  extremely  fragile  specimen 
construction  was  required.  The  problems  resulting  from  specimen 
preparation  were  greater  than  estimated;  three  major  discrepancies 
were  found  in  the  completed  specimens.  First,  the  faces  did  not 
remain  parallel  when  the  core  was  removed  from  the  ends  for  filling. 
The  ends  were  generally  spread  or  not  filled  to  a  sufficient  depth. 
Second,  the  sawing  operations  on  the  steel-faced  specimens  damaged 
the  core  cells  adjacent  to  the  saw  cut,  necessitating  filling  of 
all  edges.  Third,  a  large  number  of  specimens  were  crushed  during 
machine  milling  of  the  loading  ends. 

In  spite  of  the  bad  specimen  preparation,  all  but  three  specimens 
were  tested.  Prior  to  testing,  the  surface  waviness  was  measured 
on  a  flat  granite  table  with  a  supported  dial  gage.  At  least 
three  traverses  were  made  on  each  side  and  any  significant  waviness 
was  recorded  on  the  face  of  the  specimen.  Both  length  and  depth 
were  noted. 

The  specimens  were  all  tested  at  room  temperature  in  a  12,000-pound 
Baldwin  hydraulic  test  machine  at  a  load  rate  of  1,200  pounds  per 
minute.  No  loading  Jigs  were  used. 

2.2  Test  Results 

The  results  of  the  waviness  survey,  together  with  falling  load, 
description,  and  a  computed  A0,  are  shown  in  Tables  2  through  5. 

A  plot  of  the  actual  failing  stress  versus  the  computed  A0,  together 
with  a  curve  as  computed  by  the  appropriate  equation,  are  shown 
for  each  type  of  panel  in  Figures  5  through  8.  All  results  are 
shown  except  for  those  cases  wherein  the  failures  did  not  occur 
at  a  measured  irregularity  and  were  unquestionably  caused  by 
inproper  edge  preparation. 
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NOTE:  Only  Panels  H-8  and  -9  are  represented  on  Figure  d — these  are  the  only  two  failure  panels. 
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Figure  5  CRITICAL  FACE-WRINKLING  STRESS 

VS 

SURFACE  WAVINESS,  A  &  B 
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Figure  b 
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Figure  7  CRITICAL  FACE -WRINKLING  STRESS 

VS 

SURFACE  WAVINESS ,  E  &  F 
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Figure  8  CRITICAL  FACE-WRINKLING  STRESS 

VS 

SURFACE  WAVINESS ,  H 
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3.  CONCLUSIONS  AND  RECOMMENDATIONS 


The  results  of  this  experiment  support  the  solution  to  the  face 
wrinkling  problem  as  proposed  by  Yusuf f.  Although  the  theory  would 
be  expected  to  apply  only  to  small  magnitude  of  wavinesc;,  it  yielded 
reasonable  correlation  with  extremely  large  degrees  of  waviness. 

The  writer'clbes  not  feel  that  the  mode  of  failure  described  by 
Equation  (5)  is  critical.  However,  the  typical  failure  of  the 
type  C  and  D  (thin  core)  specimens  (see  Figure  9)  indicates  this 
could  bo  the  critical  relationship.  Calculations  using  the 
denominator  of  Equation  (5)  in  Equation  (3)  show  that  the  resulting 
critical  stresses  are  roughly  the  same.  Additional  analytical  work 
should  be  done  in  this  area. 

Application  of  this  theory  to  a  practical  design  situation  requires 
an  approach  similar  to  that  of  thin  shell  construction.  Either 
some  arbitrary  imperfection  must  be  assumed  or  an  empirical  con¬ 
stant  found.  More  extensive  testing  is  required  to  establish 
the  full  validity  of  this  theory.  Should  this  be  accomplished,  a 
designer  could  use  this  relationship  to  establish  the  manufacturing 
tolerances  on  surface  waviness  necessary  to  ensure  an  adequate  face¬ 
wrinkling  allowable. 
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